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METHOD FOR RECLAIMING 
CONSTITUENTS FROM AN INDUSTRIAL 

WASTE STREAM 

STATEMENT OF RELATED APPLICATIONS 

This application is a continuation-in-part of Application 
Ser. No. 09/338,129, ?led on Jun. 22, 1999, currently 
pending US. Pat. No. 6,264,903. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention generally relates to a process for the 
reclamation of constituents contained in common industrial 
Waste streams including essentially pure metal oxides and 
metals. This invention more speci?cally relates to a method 
for the recovery of essentially pure Zinc oxide and other 
compounds such as lead compounds, copper compounds, 
silver compounds, and cadmium compounds from electric 
arc furnace dust emanating from the steel industries 
processes. 

2. Description of Related Art 
Metallurgical processes, such as steel processes, result in 

Waste by-products of iron and steel dust. There have been 
many attempts to recover valuable metal and chemical 
values such as Zinc, lead, cadmium, silver, and copper in this 
dust and to obtain a by-product or ?nal Waste material that 
can be recycled or disposed of With minimal metal leaching 
problems. 

Zinc oxide typically is a ?ne White or grayish poWder that 
has a variety of uses including as a rubber accelerator, as a 
pigment, as a dietary supplement and in the semiconductor 
?eld. Zinc oxide is found in commercial by-products includ 
ing Waste material streams such as ?y ash and ?ue dust. 
Methods for recovering Zinc oxides are knoWn in the art, 
including recovering Zinc oxide from industrial Waste mate 
rials. Such previous methods have included leaching With 
mineral acid, caustic soda, ammonium hydroxide, and 
ammonium carbonate solutions. HoWever, these methods 
have loW yields of Zinc oxide and typically do not recover 
pure Zinc oxide, the recovered Zinc oxide being contami 
nated With other metal salts. Therefore, in order to obtain 
pure Zinc oxide, subsequent reduction and Washing pro 
cesses Were necessary. 

One such method for recovering Zinc and lead is the 
WaelZ kiln. The WaelZ kiln uses a directly heated counter 
?oW rotary kiln to roast the materials under reducing con 
ditions. The reducing roasting process comprises directly 
heating and roasting the iron and steel dust in the WaelZ kiln 
in a reducing atmosphere under suitably selected conditions 
of temperature and retention time, thereby separating Zinc 
and lead through volatiliZation from the dust and enabling 
iron to be discharged in the form of solid direct reduced iron. 
US. Pat. No. 4,525,208 to YasukaWa attempts to avoid 
perceived problems With the WaelZ kiln caused by the 
depositing of material on the Walls of the rotary kiln by 
running the volatiliZation in tWo stages. In the ?rst stage the 
material is heated and Zinc and lead are partially evaporated 
at a loWer temperature in a rotary kiln. In the second stage, 
the solid material from the rotary kiln is continuously fed 
into the rotary smelting furnace Where ?uxes are added to 
the material to loWer the melting point facilitating the 
evaporation of the metals from the molten stage. 
US. Pat. No. 3,850,613 to Allen discloses a method for 

the treatment of steel mill Waste dusts containing Zinc. The 
Allen ’613 method includes briquetting the dust With carbon 
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2 
to reduce the Zinc and lead oxides to the Zinc and lead metals 
and then volatiZing the Zinc and lead at high temperatures by 
heating the briquettes to 1800° F. to 2500° F., and then 
oxidiZed to ZnO and PbO in the gaseous phase. The ZnO and 
PbO then are recovered, With the remainder of the material 
used as the charge to a steel-making furnace. 

US. Pat. No. 5,013,532 to Sresty discloses a method for 
recycling electric arc furnace dust. The Sresty ’532 method 
for reducing the Zinc contained in an EAF dust, volatiliZing 
the metallic Zinc so produced from the mass of the dust, and 
reoxidiZing the metallic Zinc to Zinc oxide along With the 
simultaneous regeneration of hydrogen that can be recycled 
to treat additional EAF dust. The Sresty ’532 process 
involves heating a raW material containing a mixture of 
metals and metal oxides in briquette, pellet, granular or lump 
form in a furnace to about 900° C. to about 1200° C., 
contracting the heated raW materials With a stream of 
hydrogen gas to reduce and vaporiZe the desired metal oxide 
or oxides, humidifying the stream of hydrogen gas and 
metallic vapors recovered from the furnace With Water in the 
form of Water vapor or steam to loWer the temperature of the 
gas stream to about 700° C. to about 900° C. so that the 
metallic vapors react With the Water to produce a solid 
metallic oxide or mixture of metallic oxides, humidifying 
again to a temperature in the range of about 150° C. to about 
250° C., separating the solidi?ed metal oxide from the 
hydrogen gas stream, condensing excess Water from the 
hydrogen gas stream, and recycling the hydrogen gas 
stream. 

US. Pat. No. 3,262,771 to Ban discloses a system for the 
recovery of steel and Zinc from Waste materials using a 
molten stage, including an electric arc furnace, an electro 
thermic smelting furnace and a slag fuming method. In the 
Ban ’771 process, the recovery of Zinc and lead is carried out 
in a molten stage by using an electric arc furnace. Zinc oxide 
is recovered as an overhead vapor, and iron is recovered as 
a liquid. 

US. Pat. No. 5,188,658 Aune also discloses a method for 
the recovery of Zinc from Zinc-containing Waste materials 
using a molten stage, including an electric arc furnace, an 
electrothermic smelting furnace and a slag fuming method. 
In the Aune ’658 process, Zinc and lead are recovered from 
the molten stage in an electrothermic smelting furnace. The 
electrothermic smelting furnace described in the Aune ’658 
patent requires that the furnace be kept at high temperatures 
in order to maintain a volume ratio betWeen CO2 and CO in 
the gas atmosphere in the smelting furnaces beloW 0.3. 
US. Pat. No. 3,017,261 to Lumsden also discloses a 

method for the recovery of Zinc from Zinc-containing Waste 
materials using a molten stage, including an electric arc 
furnace, an electrothermic smelting furnace and a slag 
fuming method. In the Lumsden ’261 patent, Zinc and lead 
are recovered from the molten stage With a slag fuming 
method using a stationary furnace Where metals are volatil 
iZed by melting the iron and steel dust completely and 
bloWing air and reducing agent such as coal or coke into the 
molten iron. 

US. Pat. No. 4,840,671 to Lynn discloses a process to 
render such industrial Waste non-haZardous Without recov 
ering Zinc or lead. In the Lynn ’671 process, electric arc 
furnace dust, steel dust from the production of certain 
specialty grades of steel, is rendered less haZardous by 
complexing the dust in a lime kiln dust, ?y ash and hydrated 
lime mixture and then adding an aqueous solution contain 
ing ferrous hydroxide and calcium sulfate. The Lynn ’671 
process is based on the poZZolanic reaction of materials 
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containing anhydrous alumino-silicates that, in the presence 
of lime, Water and chemicals, adsorb and/or physically 
entrap the heavy metals present in EAF dust into a calcium 
alumino-silicate matrix. 
US. Pat. No. 3,849,121 to BurroWs discloses a method 

for the selective recovery of Zinc oxide from industrial 
Waste. The BurroWs ’121 method comprises leaching a 
Waste material With an ammonium chloride solution at 
elevated temperatures, separating iron from solution, treat 
ing the solution With Zinc metal and cooling the solution to 
precipitate Zinc oxide. The BurroWs ’121 patent discloses a 
method to take EAF dust that is mainly a mixture of iron and 
Zinc oxides and, in a series of steps, to separate out the iron 
oxides and Waste metals. HoWever, the material obtained in 
the last step is a mixture of a small amount of Zinc oxide, 
hydrated Zinc phases that can include hydrates of Zinc oxide 
and Zinc hydroxide, as Well as other phases and a large 
amount of diamino Zinc dichloride Zn(NH3)2Cl2 or other 
similar compounds containing Zinc and chlorine ions. 
Currently, the BurroWs ’121 method is not economically 
viable because of Environmental Protection Agency guide 
lines established subsequent to the issuance of the BurroWs 
patent. Additionally, the BurroWs ’121 method is not a 
continuous method and, therefore, is not economical as a 
continuous process. 
US. Pat. No. 4,071,357 to Peters discloses a method for 

recovering metal values Which includes a steam distillation 
step and a calcining step to precipitate Zinc carbonate and to 
convert the Zinc carbonate to Zinc oxide, respectively. Peters 
’357 further discloses the use of a solution containing 
approximately equal amounts of ammonia and carbon diox 
ide to leach the ?ue dust at room temperature, resulting in 
the extraction of only about half of the Zinc in the dust, 
almost 7% of the iron, less than 5% of the lead, and less than 
half of the cadmium. Steam distillation is contrary to dilu 
tion. Steam distillation precipitates Zinc carbonate, other 
carbonates and iron impurities. Steam distillation also dis 
advantageously results in an increase in temperature that 
drives off ammonia and carbon dioxide, resulting in the 
precipitation of iron impurities and then Zinc carbonate and 
other dissolved metals. The purity of the Zinc carbonate 
obtained depends on the rate of steam distillation and the 
ef?ciency of solids separation as a function of time. Calcin 
ing converts the Zinc carbonate to Zinc oxide, Whereas 
Washing and drying at temperatures betWeen 100° C. and 
200° C. converts the Zinc compounds to Zinc oxide. 
US. Pat. No. 5,464,596 to Myerson, commonly assigned 

With the present application, discloses a method for the 
recovery of Zinc oxide by treating a Waste stream With a 23% 
ammonium chloride at 90° C., separating undissolved com 
ponents from the solution, displacing undesired metal ions 
from the solution using Zinc metal, cooling the solution to 
precipitate out Zinc compounds, Washing the precipitate to 
remove various soluble Zinc compounds, leaving Zinc oxide 
of greater than 99%. The Myerson ’596 patent teaches that 
ammonium chloride solutions must be at least 90° C. to 
sufficiently dissolve the Zinc compounds. Heating an aque 
ous solution to such a temperature requires the expenditure 
of large amounts of energy. It is further taught that While 
NH4Cl concentrations beloW 23% do not dissolve the maxi 
mum amount of Zinc oxide from the Waste material, con 
centrations greater than 23% result in an impure Zinc oxide 
due to the tendency of the NH4Cl to precipitate out of 
solution With the Zinc compounds at such high concentra 
tions. Furthermore, the cooling of the product solution 
results in the precipitation of various Zinc species, resulting 
in crystalliZation of some species. Because of this, using the 
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4 
cooling step disclosed in Myerson ’596, one cannot use 
concentrations of ammonium chloride solutions above about 
23%, limiting the usefulness of the process disclosed in 
Myerson ’596. Further, contaminates of the Zinc oxide must 
be removed by an additional Washing step. 
US. Pat. No. 5,759,503 to Myerson, et al., commonly 

assigned With the present application, discloses a method for 
the recovery of Zinc oxide by dissolving Zinc oxide in an 
intermediate, diluting the intermediate by a factor of 3 to 30 
by adding 70—100° C. Water, and ?ltering out the resultant 
Zinc oxide crystals. Myerson ’503, along With its family of 
patents, discloses using ammonium chloride solutions of 
23% and teach that using higher concentration ammonium 
chloride solutions Will produce undesired results. This Was 
the understanding at the time of invention of the processes 
disclosed and claimed in the Myerson ’503 patent and its 
family of patents. These undesired results include the pre 
cipitation of various Zinc species, resulting in crystalliZation 
of some species. Because of this, using the cooling step 
disclosed in Myerson ’5 96, one cannot use concentrations of 
ammonium chloride solutions above about 23%, limiting the 
usefulness of the process disclosed in Myerson ’503. 
Although the processes disclosed and claimed in Myerson 
’503 patent are valuable and perform admirably, it has noW 
been discovered that by altering the process steps, including 
the addition of a dilution step, ammonium chloride solutions 
of betWeen 23% and 30%, and of 30% or greater, can be 
used to recycle industrial Waste streams. 

Further, Myerson ’503 differs from the present invention 
in that concentrations above 23% are not disclosed and, in 
fact, Were speci?cally discouraged because, at that time and 
using those process steps, using ammonium concentrations 
above 23% did not result in a suitable process because 
concentrations of ammonium chloride above about 23% 
tend to precipitate out ammonium chloride along With the 
Zinc oxide When the solution is cooled. It is undesirable to 
have the ammonium chloride precipitate out. This problem 
is solved by the present invention. 

In general, the Myerson family of patents speci?cally 
discloses methods for the recovery of Zinc oxide comprising 
the steps of treating a Waste stream With a 23% ammonium 
chloride solution and separating undissolved components 
from the solution. It is further taught that NH4Cl concen 
trations greater than 23% result in an impure Zinc oxide due 
to the tendency of the NH4Cl to precipitate out of solution 
With the Zinc compounds at such high concentrations. 
Furthermore, the cooling of the product solution results in 
the precipitation of various Zinc species, resulting in the 
unWanted crystalliZation of some species. Because of this, 
prior to the present invention, the inventor and those skilled 
in the art Were under the belief that one could not use 
concentrations of ammonium chloride solutions above about 
23%, thus limiting the usefulness of the process disclosed in 
the prior Myerson patents. 

Therefore, there exists a need for an alternative method 
that Will recover essentially pure Zinc oxide from industrial 
Waste materials that is economical, quick, and ef?cient and, 
optionally also Will alloW the recovery of elemental lead, 
cadmium, and copper from industrial Waste materials, at the 
loWer end of the temperature range and at higher leach 
solution concentrations than previously thought possible. 

BRIEF SUMMARY OF THE INVENTION 

The present invention satis?es these needs in a method 
that recovers constituents contained in common industrial 
Waste streams from, for example, the metals industries. 
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Many of these industrial Waste streams contain Zinc, lead, 
copper, silver, and/or cadmium compounds, all of Which can 
have a commercial value, or Which are undesirable Waste 
products. For example, one commercially valuable material 
that can be recovered is essentially pure Zinc oxide from 
industrial Waste material streams containing Zinc or Zinc 
oxide. Along With the essentially pure Zinc oxide, Zinc metal 
also can be recovered, as Well as values of other metallic 
elements originally contained in the Waste material, such as 
lead, silver, and cadmium. The solutions used in the process 
are recycled such that liquid Wastes are kept to a minimum 
and, ideally, eliminated. The solids recovered from the 
process, namely, the chemical and metal values, and other 
residues all can be used in other processes. One such residue, 
an iron oxide cake, is of such a quality that it can be used 
directly as the feedstock for the typical steel production 
process. 

Brie?y, the present invention provides a method for 
recovery of high purity chemical and/or metal values from 
industrial Waste streams such as electric arc furnace effluents 

(dusts, fumes, and vapors) containing the values or com 
pounds containing the values (such as Zinc compounds) 
comprising the steps of: (a) leaching the Waste stream With 
an ammonium chloride solution at a temperature of at least 
about 70° C., resulting in a ?rst product solution and 
undissolved materials; (b) adding a displacing element of 
compound (such as Zinc metal) to the ?rst product solution 
in a cementation step, Whereby displaceable ions contained 
in the ?rst product solution are displaced by the displacing 
element or compound and precipitate out of the ?rst product 
solution, generally as metals, leaving a second product 
solution; and (c) diluting the second product solution With 
Water, resulting in the precipitation of the desired high purity 
value (such as Zinc oxide) and a third product solution. The 
dilution step circumvents the crystalliZation of various 
species, alloWing the use of the higher concentration ammo 
nium chloride solution of approximately 23% or greater, and 
preferably 30% or greater, by Weight. The various undis 
solved precipitates produced during the process comprise 
both Waste products and chemical and metal values that can 
be recovered and sold, used in subsequent processes, or 
added to the feed to various industrial processes such as the 
iron and steel making processes. 

The third product solution is concentrated after removing 
the desired high purity value (such as Zinc oxide), resulting 
in a fourth product solution comprising greater than 30% 
ammonium chloride. The fourth product solution then is 
combined With the original ammonium chloride solution of 
Step (a) to leach the industrial Waste stream in a continuous 
process. 

If the industrial Waste material stream contains signi?cant 
amounts of iron, the Waste stream preferably is heated in a 
reducing atmosphere prior to leaching, resulting in an iron 
containing residue and a combustion product (dust, fumes, 
and/or vapors) Waste stream comprising Zinc oxide. The 
dust, fumes and/or vapors then are subjected to the process 
disclosed in this speci?cation. 

In an extension of the present invention, using a Waste 
stream such as typical electric arc furnace dust (Which 
typically contains Zinc, cadmium, copper, lead, and iron 
metals and compounds) the precipitated metals Will com 
prise Zinc, lead, cadmium and copper compounds. This 
alternate embodiment further comprises the additional steps 
of: (1) treating the precipitated metals With an aqueous 
solution of either HZSO4 or NH4SO4, Whereby Zinc, 
cadmium, and copper compounds go into solution and lead 
compounds do not, resulting in a ?fth product solution 
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6 
comprising Zinc, cadmium and copper compounds and a 
second undissolved precipitate comprising lead compounds; 
(2) adding Zinc metal to the ?fth product solution, Whereby 
cadmium and copper compounds are displaced by the Zinc 
metal and precipitate out of the ?fth product solution as a 
third precipitate, leaving a sixth product solution; and (3) 
treating the sixth product solution With calcium chloride, 
resulting in the precipitation of CaSO4 from the sixth 
product solution. Again, the undissolved precipitates pro 
duced during the process comprise both Waste products and 
chemical and metal values that can be recovered and sold, 
used in subsequent processes, or added to the feed to various 
industrial processes such as the iron and steel making 
processes. 

If it is desired to control sodium or potassium chloride 

concentrations during the process, additional steps of: adjusting the pH of the second product solution to betWeen 

about 5 and about 8 prior to step(c); (ii) cooling at least a 
portion of the second product solution to precipitate diamino 
Zinc dichloride; (iii) evaporating the second product solution 
to precipitate NaCl and KCl; and (iv) combining the second 
product solution With the ammonium chloride solution to 
leach the Waste stream. Typically, the second product solu 
tion is acidic and a base is added to adjust the pH of the 
second product solution. HoWever, if the second product 
solution is basic, an acid is added to adjust the pH of the 
second product solution. In any event, a base, an acid or a 
combination can be added to the second product solution to 
achieve the desired pH of betWeen 5 and 8. Suitable bases 
include NH4OH, NaOH, KOH, and Ca(OH)2. Suitable acids 
include hydrochloric acid, acetic acid and nitric acid. 

Therefore, it is an object of the present invention to 
provide a method for recovering chemical and/or metal 
values from industrial Waste material streams, such as ?y ash 
or ?ue dust, Which contain other metals and/or compounds, 
such as iron oxide, Zinc, Zinc oxide, lead oxide, cadmium, 
copper and other materials. 

It is another object of the present invention to provide a 
method for recovering Zinc oxide from Waste materials, such 
as ?y ash or ?ue dust, Which contain other metals, such as 
iron oxide, lead oxide, cadmium, copper and other materials. 

Yet another object of the present invention is to provide a 
method for recovering Zinc oxide in Which all leaching and 
Washing solutions are recycled for further use, and no 
leaching or Washing solutions are disposed of into the 
seWers or the environment. 

Still another object of the present invention is to provide 
a method for recovering Zinc oxide that also results in the 
precipitation in elemental form of any lead, cadmium and 
copper metals contained in the starting materials. 

Another object of the present invention is to provide a 
method for recovering Zinc metal, Zinc oxide and/or iron 
oxide that is economical, quick and ef?cient. 

These objects and other objects, features and advantages 
of the present invention Will become apparent to one skilled 
in the art When the folloWing Detailed Description of the 
Preferred Embodiments is read in conjunction With the 
attached ?gures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a How chart of the puri?cation steps executed in 
the preferred embodiment of the present invention. 

FIG. 2 is a How chart of the puri?cation steps executed 
With the optional reduction step, in accordance With an 
alternative embodiment of the present invention. 
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FIG. 3 is a How chart of the puri?cation steps executed to 
further isolate precipitated metals, in accordance With an 
alternative embodiment of the presented invention. 

FIG. 4 is a How chart of the puri?cation steps executed to 
control sodium or potassium chloride levels, in accordance 
With an alternative embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Referring to FIG. 1, a preferred embodiment of the 
process is shoWn. The preferred Waste materials such as ?y 
ash or ?ue dust from electric arc furnaces, as Well as other 
Waste materials streams, including other metal producing 
and altering processes, contain economically valuable 
amounts of metal and chemical values, including but not 
limited to Zinc compounds and oxides of iron, lead, calcium, 
potassium, cadmium, and copper. The preferred Waste is 
dust, solids, vapors and/or fumes from a steel making 
process. 

In step 100, a Waste material is leached in an ammonium 
chloride solution resulting in a ?rst product solution and 
undissolved materials. The ammonium chloride solution is 
greater than 23% ammonium chloride, and preferably 30% 
or greater ammonium chloride, in Water at a temperature 
above about 70° C. Prior art concentrations Were not above 
23% due to the tendency of ammonium chloride to precipi 
tate out With Zinc oxide at concentrations above 23%. 
Likewise, the crystalliZation step used in prior art methods 
also Would not operate properly at ammonium chloride 
concentrations above 23% due to the transformation of Zinc 
complexes With very loW Zinc composition such as the tetra 
amino Zinc complex. As explained in more detail beloW, the 
present process has overcome such limitations. The majority 
of the Waste materials, including any Zinc and/or Zinc oxide, 
lead oxide, cadmium oxide, copper oxide, and other metal 
oxides, dissolves in the ammonium chloride solution form 
ing a ?rst product solution. Iron oxide, also typically present 
in the preferred Waste materials, does not dissolve in the 
ammonium chloride solution, and remains as an undissolved 
material 102. Any other constituents in the Waste materials 
not soluble in ammonium chloride also remain as undis 
solved materials 102. The product solution is ?ltered and the 
undissolved materials 102 are removed 102. 

If iron oxide is present in the Waste materials, the undis 
solved materials 102 separated from the ?rst product solu 
tion typically is rich in iron oxide, and also typically has 
some impurities such as Zinc ferrite. The undissolved mate 
rials 102 can be used as a feedstock for steel mills so long 
as the quantity of impurities is not too great. In any event, 
it is preferable to remove the impurities from the iron oxide 
prior to using the iron oxide as a feedstock. Reducing the 
iron oxide in the undissolved materials 102 to direct-reduced 
iron (DRI) also is desired as DRI can be used to replace part 
or all of the steel scrap charge. This is a ?rst example of hoW 
even the Waste from the present process is usable, resulting 
in an environmentally friendly process. 

The iron oxide in the undissolved materials 102 can be 
reduced to DRI in tWo manners. First, carbon, in the form of 
activated carbon, carbon dust, carbon pellets or the like, can 
be introduced to the ammonium chloride and Waste material 
mixture during the leaching process. The carbon reduces the 
iron oxide resulting in DRI upon heating. Second, the carbon 
can be introduced to the dried undissolved material cake 
using a ribbon blender. The carbon Will react With the iron 
oxide, reducing the iron oxide to DRI upon heating. Adding 
heat to this process assists in the reduction. 
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The remaining ?rst product solution contains Zinc oxide 

and other dissolved metal oxides such as oxides of lead, 
cadmium, and copper. While this ?rst product solution is still 
hot, ?nely poWdered Zinc metal is added to the ?rst product 
solution in a cementation step 104. Through an electro 
chemical reaction, any lead, cadmium, and copper metal in 
solution plates out onto the surfaces of the Zinc metal 
particles. The addition of suf?cient poWdered Zinc metal 
results in the removal of most of the lead, cadmium, and 
copper of the ?rst product solution by precipitation. After 
cementation, there is noW a second product solution and a 
precipitate 108. 

The second product solution is rich in Zinc compounds, 
While the precipitate 108 is rich in oxides of lead, cadmium, 
and copper. Silver compounds may be found in the precipi 
tate and/or the second product solution. The precipitate 108 
is separated from the second product solution and, as Will be 
described in more detail beloW, can optionally be treated 
further to recover the economically valuable metals. This is 
a second example of hoW the Waste from the present process 
is usable, reducing the amount of Waste form the process. 

Puri?ed Zinc may be recovered as either Zinc oxide by 
diluting the second product solution in a dilution step 106 or 
as elemental Zinc by electroWinning (not shoWn). Recovery 
of Zinc oxide by dilution is preferred, as it has been 
discovered that this alloWs the use of higher concentrations 
of ammonium chloride solutions of greater than 23%, and 
preferably 30% or greater, by Weight. To recover Zinc oxide 
in the dilution step 106, the second product solution is 
diluted to a concentration betWeen about 2% and about 12% 
ammonium chloride. As the concentration of ammonium 
chloride in the second product solution drops, the solubility 
of Zinc oxide decreases, thereby resulting in the precipitation 
of Zinc oxide from the second product solution. When 
diluting the second product solution, it is preferable to add 
the second product solution to the Water, rather than adding 
Water to the second product solution. The resultant Zinc 
oxide has signi?cantly loWer chloride content if the second 
product solution is added to the Water. After dilution, there 
is noW a third product solution and precipitated Zinc oxide 
112. 
As disclosed above, the preferred method of dilution 

involves adding the second product solution to the Water, 
and not adding the Water to the second product solution. 
Preferably, the Water should be at 60° C. or higher during the 
entire dilution step. The second product solution should be 
added to the Water in a gradual fashion. For example, in a 
batch system, one-third of the second product solution 
should be added to the total required amount of Water and 
stirred to form a ?rst intermediate solution. The remainder of 
the second product solution, either in one large batch or in 
tWo or more smaller batches, should then be added to the 
?rst intermediate solution to form the third product solution. 
This alloWs the ammonium concentration to be loWered to a 
relatively loW level in the ?rst intermediate solution, forcing 
the dilution to proceed along a de?ned path. The Zinc oxide 
precipitates out of the ?rst intermediate solution such that 
the concentration of ammonium chloride in the ?rst inter 
mediate solution is even loWer When the remainder of the 
ammonium chloride solution is added to the ?rst interme 
diate solution. Staged dilution With as feW as tWo steps and 
as many as ten steps or more can be used, depending on the 
speci?c circumstances, such as, but not limited to, compo 
sition and quantity of Waste stream. 

In another example, in a continuous system, a ?rst frac 
tion of the second product solution is added to Water in a ?rst 
vessel to form the ?rst intermediate solution. The ?rst 
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intermediate solution should have a concentration of ZnO/ 
NH 4Cl to Water of betWeen about 0.2% and 6%, preferably 
about 3.3%. Any Zinc oxide precipitating out of the ?rst 
intermediate solution is removed from the ?rst vessel. The 
?rst vessel is maintained at steady state at the desired 
concentration by removing any Zinc oxide precipitate, add 
ing additional Water or second product solution, and/or 
removing ?rst intermediate solution. The removed ?rst 
intermediate solution is transferred to a second vessel Where 
a second fraction of the second product solution is added to 
the ?rst intermediate solution to form a second intermediate 
solution. The second intermediate solution should have a 
concentration of ZnO/NH4Cl to Water of betWeen about 2% 
and 9%, preferably 6.6%. The second vessel is maintained at 
steady state at the desired concentration by removing any 
Zinc oxide precipitate, adding additional second product 
solution, and/or removing second intermediate solution. The 
removed second intermediate solution is transferred to a 
third vessel Where a third fraction of the second product 
solution is added to the second intermediate solution to form 
a third intermediate or ?nal solution. The third intermediate 
or ?nal solution should have a concentration of ZnO/NH4Cl 
to Water of betWeen about 5% and 12%, preferably 10%. 
This also alloWs the ammonium concentration to be loWered 
to a relatively loW level in the ?rst intermediate solution, 
forcing the dilution to proceed along a de?ned path. The Zinc 
oxide precipitates out of the ?rst intermediate solution such 
that the concentration of ammonium chloride in the ?rst 
intermediate solution is even loWer When the remainder of 
the ammonium chloride solution is added to the ?rst inter 
mediate solution. 

The use of thirds as the fractions of second solution added 
to each vessel is preferred, but it should be understood that 
any fraction of the second product solution can be added to 
the total required amount of Water at a time. The important 
criteria is that the amount of the second product solution 
added to the total required amount of Water be kept to a level 
alloWing for the greatest amount of Zinc oxide to precipitate 
out of the ?rst intermediate solution. This also prevents the 
formation of tetra-amino-Zinc-chloride, a loW Zinc content, 
?ne needle crystal that is dif?cult to ?lter separate or Wash. 
The amount of Water necessary, and the addition rates of 
second product solution to the Water, can be determined by 
one of ordinary skill in the basic chemical arts Without undue 
experimentation. Further, determining the total required 
amount of Water is simple chemistry and Well Within the skill 
of the person of ordinary skill in the art of this invention. It 
simply is enough Water to loWer the concentration of ammo 
nium chloride in the second product solution, Which can be 
determined by simple chemical analysis, to a theoretical 
concentration of from about 2% to about 12% ammonium 
chloride. 

The third product solution is ?ltered to remove the 
precipitated Zinc oxide 112, Which is placed in a drying oven 
at a temperature of over 100° C. After a suf?cient drying 
period, the resultant dry White poWder is essentially pure 
Zinc oxide. 

If it is desired to recover elemental Zinc, the second 
product solution is subjected to electrolysis in an electrolytic 
cell containing an anode and a cathode. The second product 
solution comprises Zinc ions in solution as Zn2+, Which Will 
be electrodeposited on the cathode. Although it is preferable 
to have the cathode made from Zinc metal, cathodes of other 
materials Will alloW the electrodeposition of Zinc metal from 
the second product solution. 
Any of the electrolysis cells discussed in the literature are 

suitable, as long as such cells are con?gured for the elec 
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10 
trolysis of Zinc ion containing solutions. The tWo electrodes 
of the electrolysis cells are connected externally to a poWer 
supply capable of impressing a suitable voltage across the 
electrodes. The Zinc ions, being positive in nature, migrate 
toWard the negative electrode, or cathode, Where they com 
bine With electrons supplied by the external circuit to form 
neutral Zinc metal atoms. When this happens, the Zinc metal, 
in effect, electroplates onto the cathode. By using a Zinc 
cathode, the entire cathode can be removed and used as 
necessary as a source of Zinc. Alternatively, a cathode on 
Which electroplated Zinc metal can be easily removed can be 
used. 

If Zinc oxide is precipitated from the second product 
solution by dilution, the diluted third product solution con 
tains ammonium chloride and other compounds. Rather than 
dispose of this solution, it is preferable to produce a more 
concentrated (>30%) ammonium chloride solution 110 that 
is recycled back to the leaching step 100. This can be 
accomplished using evaporators or reverse osmosis mem 
brane technology. This is a third example of hoW the Waste 
from the present process is usable, reducing the amount of 
Waste produced by the present process to a minimum. 
From an economically competitive situation, the use of 

reverse osmosis membrane technology to concentrate the 
third product solution to obtain a concentrated ammonium 
chloride solution on one side of the membrane Will save feed 
costs. Every so often, it Will be necessary to back ?ush the 
salts off the membrane to recover them for makeup use in the 
future. In essence, reverse osmosis membrane technology is 
using a pump to pump a solution through a membrane, 
Which is signi?cantly loWer in cost than burning natural gas 
in an evaporator condenser to evaporate Water from a 
solution. This technology is used to ?lter out sodium chlo 
ride and the minerals out of seaWater to make distilled Water. 

Referring to noW FIG. 2, if there is signi?cant iron content 
in the Waste material, it is preferable to ?rst heat the Waste 
material in a reducing atmosphere in a reduction step 200, 
prior to the leaching step 100. The Waste material is typically 
reduced at a temperature greater than 420° C., and prefer 
ably betWeen 700° C. and 1300° C. The reducing atmo 
sphere can be created by using hydrogen gas, simple carbon 
species gases, such a carbon dioxide, or by heating the 
material in an oxygen containing gas in the presence of 
elemental carbon. The carbon, Which may be in the form of 
poWdered coke or coal, is mixed With the iron and Zinc 
containing Waste prior to the reduction step. Examples of 
reduction processes include rotary hearth and rotary kiln 
furnaces. In these processes, the poWdered mixture is 
formed into briquettes or pellets before feeding to the 
furnace. The iron oxide is reduced to metallic iron and 
remains Within the briquette or pellet. Zinc, lead and cad 
mium are reduced and leave the briquette or pellet in vapor 
form that is subsequently oxidiZed on contact With oxygen. 
Alternatively, a mixture containing electric arc furnace dust 
may be added back to the electric arc furnace that operates 
under reducing conditions. Mixtures of Waste materials such 
as electric arc furnace dust, oily mill scale and other ?ue 
dusts can be used to improve the value of the iron product. 
The carbon is preferably in the form of dust or pellets. 
Typically heating times are from 4 minutes to 4 hours, 
depending on the method used. 
The heating and reduction step 200 results in the reduc 

tion of the iron compounds in the Waste material into direct 
reduced iron (DRI), and the generation of volatile materials 
and combustion products. The DRI can be fed directly into 
a steel mill as a feed source. The combustion products, in the 
form of exhaust dusts, vapors, and fumes, are recovered by 
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a ?lter process, such as a bag house or a Wet scrubber. The 

Zinc, lead, cadmium, and copper in the Waster material are 
vaporized in the heating and reduction step 200 and com 
prise a majority of the exhaust dusts, vapors, and fumes. The 
heating and reduction step 200 is not necessary if there is no 
signi?cant iron content in the Waste. The heating and reduc 
tion step 200 is a fourth example of hoW Waste from the 
present process (in this case iron oxides) is usable, further 
reducing the amount of Waste produced by the present 
process. 

Once the Waste material is reduced, the process as rep 
resented in FIG. 2 continues just as the preferred embodi 
ment represented in FIG. 1. The combustion product (the 
exhaust dusts, vapors, and fumes) are leached in leaching 
step 100, undissolved materials 102 are separated from the 
leachant, and the leachant (?rst product solution) is sub 
jected to cementation step 104 to remove Pb, Cd, and Cu, for 
further processing 108. The remaining solution (second 
product solution) is diluted With Water in a dilution step 106 
to 2—12% NH4Cl, thus prompting ZnO to precipitate out of 
the solution. The noW remaining solution (third product 
solution) is then concentrated back to >30% NH4Cl in a 
concentration step 110 and is recycled back into the process 
as a leaching solution. 

Waste materials typically have varying amounts of lead, 
cadmium, and copper metals contained therein. For various 
reasons, it is desirable to remove such metals from the Waste 
materials, for example, to recycle the lead, cadmium, and 
copper, or to prevent their release into the environment. 
Referring to FIG. 3, the lead, cadmium, and copper com 
pounds removed from the ?rst product solution during the 
cementation step 104 as precipitates 108 can be recovered 
by ?rst treating the compounds With HZSO4 or (NH4)2SO4 
in a dissolution step 300. The Zinc, cadmium, and copper 
compounds Will go into solution While the lead compounds 
Will not. The lead compounds are ?ltered out 304, leaving a 
solution of Zinc, cadmium and copper compounds 302. 

The Zn, Cd, and Cu—containing solution 302 then is 
treated With Zinc poWder in a second cementation step 306 
to result in the electrodeposition of Zn and Cd on the Zinc, 
Which then is ?ltered out 310, leaving a solution of Zinc 
compounds 308. To this solution, calcium chloride is added. 
The calcium reacts With the sulfate present in the solution 
from the HZSO4 or (NH4)2SO4 to form CaSO4, When 
precipitates out. The CaSO4 is ?ltered out 314 and the 
remaining solution can be recycled back to the leaching step 
to further recover Zinc 312. 

Referring to FIG. 4, sodium and potassium chlorides, 
introduced by the initial Waste materials stream, may accu 
mulate in the various product solutions, thus adversely 
affecting process performance. The chloride level may 
optionally be controlled by periodic removal of chloride 
salts. This is preferably accomplished by adjusting the pH of 
the second product solution in a pH adjustment step 400 
prior to the dilution step 106. This Will neutraliZe the acidic 
effects of the chloride ions by forming reacting thereWith to 
form ammonium chloride and Water. 

The second product solution typically is acidic, With a pH 
of less than 5. Thus, the pH of the typical second product 
solution is adjusted upWards using a base. Preferred bases 
include NH4OH, NaOH, KOH, and Ca(OH)2. HoWever, it is 
possible that the second product solution has a pH of 
betWeen 5 and 8. If so, the pH of the second product solution 
can be adjusted upWards or doWnWards Within the 5 to 8 
range using either an acid or base, or both. Preferred acids 
include HCl, acetic acid, and HNO3. In the event the second 
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product solution has a pH of greater than 8, the pH of the 
second product solution is adjusted doWnWards using an 
acid. 
At least a portion of the pH-adjusted second product 

solution may be removed through a purge stream prior to the 
dilution step 106 and alloWed to cool in a cooling step 404. 
As the purged pH-adjusted second product solution cools, a 
portion of the Zinc compounds Will precipitate out of the 
purged pH-adjusted solution as diamino Zinc dichloride, 
Which is then ?ltered out in a ?ltration step 408. The use of 
a purge stream assists in the control of the concentration of 
sodium chloride and/or potassium chloride in the second 
product solution. It is preferred to keep the concentrations of 
sodium chloride and potassium chloride doWn and if these 
concentrations build up, a larger purge stream is used. 
The remaining product solution (third product solution) is 

evaporated or otherWise concentrated in concentration step 
110 to precipitate sodium chloride and potassium chloride, 
Which are ?ltered out in a second ?ltration step 410. The 
remaining concentrated solution can then be reintroduced 
into the process at the leaching step 100. In this Way, 
chloride levels are maintained as to not adversely effect the 
formation of substantially pure Zinc oxide. 
The above-disclosed process can be used in connection 

With any Waste stream or other material having a suitable 
percentage of Zinc. Zinc containing ash materials from a 
number of industries that are captured in pollution control 
systems also are suitable for this process including, but not 
limited to, integrated steel industry processes, galvaniZing 
processes, iron foundries, and brass foundries. 

The above description sets forth the best mode of the 
invention as knoWn to the inventor at this time, and is for 
illustrative purposes only, as it is obvious to one skilled in 
the art to make modi?cations to this process Without depart 
ing from the spirit and scope of the invention and its 
equivalents as set forth in the appended claims. 
What is claimed is: 
1. A method for recycling industrial Waste streams con 

taining Zinc compounds comprising the steps of: 
(a) leaching said Waste stream With a solution of at least 
30% by Weight ammonium chloride, resulting in a ?rst 
product solution and undissolved materials; 

(b) adding Zinc metal to said ?rst product solution, 
Whereby Zinc displaceable metal ions contained in said 
?rst product solution are displaced by said Zinc metal 
and precipitate out of said ?rst product solution as 
metals, leaving a second product solution; 

(c) adjusting the pH of said second product solution to a 
selected pH of betWeen about 5 and about 8; and then 

(d) diluting said second product solution With Water, 
resulting in the precipitation of Zinc oxide and a third 
product solution. 

2. The method characteriZed in claim 1, Wherein said 
solution of ammonium chloride is maintained at a tempera 
ture above about 70° C. 

3. The method characteriZed in claim 2, Wherein said 
solution of ammonium chloride is maintained at a tempera 
ture of betWeen about 70° C. and 100° C. 

4. The method characteriZed in claim 1, Wherein the pH 
of said second product solution is adjusted With at least one 
compound selected from the group consisting of acids and 
bases. 

5. The method characteriZed in claim 4, Wherein said 
acids are selected from the group consisting of hydrochloric 
acid, acetic acid, and nitric acid. 

6. The method characteriZed in claim 4, Wherein said 
bases are selected from the group consisting of NH4OH, 
NaOH, KOH, and Ca(OH)2. 
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7. The method characterized in claim 1, Wherein the pH 
of said second product solution is adjusted With at least one 
compound selected from the group consisting of hydrochlo 
ric acid, acetic acid, nitric acid, NH4OH, NaOH, KOH, and 
Ca(OH)2. 

8. The method characteriZed in claim 2, Wherein said 
second product solution is diluted to betWeen about 2% and 
about 12% ammonium chloride in step 

9. The method characteriZed in claim 8, Wherein said third 
product solution is concentrated after removing said Zinc 
oxide, resulting in a fourth product solution comprising 
greater than 30% ammonium chloride. 

10. The method characteriZed in claim 9, Wherein said 
fourth product solution is combined With the ammonium 
chloride solution of step (a) to leach said Waste stream. 

11. The method characteriZed in claim 1, Wherein said 
Waste stream is heated in a reducing atmosphere prior to 
leaching, resulting in an iron-containing residue and a Waste 
stream comprising oXides of Zinc. 

12. The method characteriZed in claim 1, Wherein said 
Waste stream further comprises lead, cadmium, and copper 
compounds. 

13. The method characteriZed in claim 12, Wherein said 
precipitated metals comprises Zinc, lead, cadmium and cop 
per. 

14. The method characteriZed in claim 13, further com 
prising the step of treating said precipitated metals With an 
aqueous solution of a compound selected from the group 
consisting of HZSO4 and (NH4)2SO4, Whereby Zinc, 
cadmium, and copper compounds go into solution and lead 
compounds do not, resulting in a ?fth product solution 
comprising Zinc, cadmium and copper compounds and a 
second undissolved precipitate comprising lead compounds. 

15. The method characteriZed in claim 14, further com 
prising the step of adding Zinc metal to said ?fth product 
solution, Whereby cadmium and copper compounds are 
displaced by said Zinc metal and precipitate out of said ?fth 
product solution as a third precipitate, leaving a siXth 
product solution. 

16. The method characteriZed in claim 15, further com 
prising the step of treating said siXth product solution With 
calcium chloride, resulting in the precipitation of CaSO4 
from said siXth product solution. 

17. The method characteriZed in claim 16, Wherein said 
siXth product solution is combined With said solution of 
ammonium chloride to leach said Waste stream in step (a). 

18. The method characteriZed in claim 17, Wherein said 
aqueous solution is H2SO4. 

19. The method characteriZed in claim 17, Wherein said 
aqueous solution is (NH4)2SO4. 

20. The method characteriZed in claim 1, further com 
prising the steps of: 

(i) cooling at least a portion of said second product 
solution to precipitate diamino Zinc dichloride; 

(ii) removing said diamino Zinc dichloride from said 
second product solution; 

(iii) evaporating said second product solution to precipi 
tate NaCl and KCl; 

(iv) removing said NaCl and KCl from said second 
product solution; and 

(v) combining said second product solution With said 
ammonium chloride solution to leach said Waste 
stream. 

21. A method for recycling industrial Waste streams 
containing Zinc compounds comprising the steps of: 

(a) leaching said Waste stream With a solution of 23% or 
greater by Weight ammonium chloride maintained at a 
temperature above 70° C., resulting in a ?rst product 
solution and undissolved materials; 
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(b) adding Zinc metal to said ?rst product solution, 

Whereby Zinc-displaceable metal ions contained in said 
?rst product solution are displaced by said Zinc metal 
and precipitate out of said ?rst product solution as 
metals, leaving a second product solution; 

(c) adjusting the pH of said second product solution to 
betWeen 5 and 8; and then 

(d) diluting said second product solution With Water to 
betWeen 2% and 12% ammonium chloride, resulting in 
the precipitation of Zinc oXide and a third product 
solution. 

22. The method characteriZed in claim 21, further com 
prising the step of treating said precipitated metals With an 
aqueous solution of a compound selected from the group 
consisting of HZSO4 and (NH4)2SO4, Whereby Zinc, 
cadmium, and copper compounds go into solution and lead 
compounds do not, resulting in a recycle product solution 
comprising Zinc, cadmium and copper compounds and a 
second undissolved precipitate comprising lead compounds. 

23. The method characteriZed in claim 21, Wherein said 
industrial Waste stream is heated in a reducing atmosphere 
prior to leaching, resulting in an iron-containing residue and 
a Waste stream comprising oXides of Zinc. 

24. The method characteriZed in claim 21, further com 
prising: 

(e) Washing the Zinc oXide precipitate in Water at a 
temperature of at least 70° C. 

25. The method characteriZed in claim 21, Wherein the 
method is a continuous process. 

26. A method for reclaiming constituents from Waste 
streams comprising the steps of: 

(a) leaching said Waste stream With a solution of at least 
23% by Weight ammonium chloride maintained at a 
temperature above 70° C., resulting in a ?rst product 
solution comprising at least a portion of the constitu 
ents and undissolved materials; 

(b) adding a reactive compound to said ?rst product 
solution, Whereby at least a portion of any ions con 
tained in said ?rst product solution that are displaceable 
by said reactive compound are displaced by said reac 
tive compound and precipitate out of said ?rst product 
solution, leaving a second product solution comprising 
at least a portion of the constituents; 

(c) adjusting the pH of said second product solution to a 
selected pH of betWeen 5 and 8; and then 

(d) diluting said second product solution With Water to 
betWeen 2% and 12% ammonium chloride, resulting in 
the precipitation of at least a portion of the constituents 
and a third product solution. 

27. The method characteriZed in claim 26, Wherein said 
ammonium chloride solution has a concentration of at least 
30% by Weight. 

28. The method characteriZed in claim 26, Wherein said 
Waste stream comprises Zinc compounds. 

29. The method characteriZed in claim 28, Wherein said 
Waste stream further comprises at least one additional com 
pound selected from the group consisting of lead 
compounds, cadmium compounds, and copper compounds. 

30. The method characteriZed in claim 26, Wherein said 
solution of ammonium chloride is maintained at a tempera 
ture of betWeen about 70° C. and 100° C. 

31. The method characteriZed in claim 26, Wherein the pH 
of said second product solution is adjusted With at least one 
compound selected from the group consisting of acids and 
bases. 

32. The method characteriZed in claim 31, Wherein said 
acids are selected from the group consisting of hydrochloric 
acid, acetic acid, and nitric acid. 
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33. The method characterized in claim 31, Wherein said compound selected from the group consisting of hydrochlo 
bases are selected from the group consisting of NH 4OH, ric acid, acetic acid, nitric acid, NH 4OH, NaOH, KOH, and 
NaOH, KOH, and Ca(OH)2. Ca(OH)2. 

34. The method characteriZed in claim 26, Wherein the pH 
of said second product solution is adjusted With at least one * * * * * 


